A common method to direct stem cell differentiation into all three germ layer lineages is to remove LIF from the culture medium and forcing the formation of complex three-dimensional cell aggregates termed embryoid bodies (EBs) (Itskovitz-Eldor et al., 2000) . Differentiation in these embryoid bodies is considered to be disorganized, however mESC culture in the absence of LIF and in the presence of certain stimuli can result in more specific cell types, including insulin-producing cells, hematopoietic cells and neuronal cells. Differentiation of ESCs into neural lineage involves the manipulation of Fibroblast Growth Factor and Wnt signaling in the absence of Bone morphogenetic protein signaling activity (Abranches et al., 2009) . Common methods involve co-culture of ESCs on stromal feeder cells or conditioned medium or direct manipulation of the essential signaling pathways which can be quite involved and time-consuming. A more straightforward method is by incubating ESCs with the natural metabolite of vitamin A, retinoic acid which acts on nuclear receptors to induce transcription of specific target genes. Retinoic acid has been shown to play a directing role in neural development in early stages of central nervous system development and is considered the most important extrinsic inductive signals for neural differentiation. In this protocol, we describe an efficient method to produce mouse-derived EBs and consequent neuronal differentiation using hanging droplets and retinoic acid (Jones-Villeneuve et al., 1983; Wobus et al., 1991) . Note: Washing plates is not necessary when carefully removing gelatin.
Materials and Reagents
B. Recovery of cells from liquid nitrogen 1. Prepare suitable plate as described above.
2. Collect cryo tube with mESCs from liquid nitrogen and quickly thaw in a water bath at 37 °C.
3. Slowly add culture medium with LIF to cells in cryo tube and transfer to a 15 ml tube with approximately 10 ml of medium with LIF.
Note: Slowly adding medium to ESCs prevents damage due to sudden changes in osmotic pressure. 3. Incubate at 37 °C. Usually 3-5 min is enough for all cells to dissociate.
Note: Do not leave mESCs in trypsin for too long as it will harm the cells. 
4.
Transfer the required number of cells to a new flask with the appropriate amount of mESC medium containing LIF. Trypsin can be removed by centrifugation, but this is not necessary for v6.5 cells.
Note: Take care when pipetting mESCs with small (non-serological) pipette tips, they can be easily damaged.
5. Split mESCs every 2-3 days, avoid letting mESCs getting over-confluent.
Note: Avoid culturing mESCs for more than 10 passages. D. Preparing embryoid bodies (EBs) using hanging droplets (Day 1, see also Video 1 for Steps B5-B7) 1. Trypsinize mESCs as described above, be sure to have single cells.
2. Resuspend in mESC medium without LIF.
3. Carefully count the cells using a hemocytometer or any other preferred method.
4. Adjust concentration to approximately 2 x 10 4 cells/ml using mESC medium without LIF.
Note: Slight deviations from this concentration is not a problem.
Using a multichannel pipette, place 20 µl droplets of the cell suspension on the inside of a plastic
Petri dish lid (not tissue-culture treated and not gelatin-coated). We aim for approximately 100 droplets on a 90 mm plate but depending on how many EBs are required, the size of the dish can be easily scaled up or down.
Note: Avoid touching the surface of the Petri dish with the pipette tip as this tends to make the droplets flatter and more spread out. Remove the supernatant and resuspend the EBs in 10 ml mESC medium without LIF. 4. Add the 10 ml EB suspension to a 90 mm Petri dish (not culture treated and not gelatin-coated) and grow for another 48 h at 37°C and 5% CO2 (day 5).
Note: The resuspension volume and size of the plate can be adjusted to the number of EBs required, we aim for approximately 100 EBs/90 mm dish.
5.
After 48 h of incubation, replace the medium with 10 ml of fresh mESC medium without LIF using the method described in Steps E2 and E3 and add Retinoic acid to a final concentration of 250 nM.
Note: The concentration of Retinoic acid is likely to be cell line dependent
6. Continue to culture for another 7 days (Day 12) whilst replacing the medium with fresh mESC medium without LIF supplemented with 250 nM retinoic acid every 2 days. See Figure 3 for example of EB 7 days after RA treatment. specific extracellular markers (Jüngling et al., 2003; Ladewig et al., 2008) might be necessary.
When multiple replicates are required we suggest to differentiate individual replicates. Please note that we have labeled the panels of Figure 5 with A and B, respectively. Not necessary, both pictures show same thing, just at different magnification. 
